at Hajdówka Wastewater Treatment Plant, which required remediation, contained from 36 to 171 mg·kg -1 of cadmium.
These levels of cadmium concentrations occur also in the soils in other countries [Davies et al. 2003 , Lin et al. 2015 .
Cadmium has the highest mobility amongst all heavy metals [Clemens 2006] and, therefore, enters plants easily. The intensity of cadmium accumulation by plants depends on their species and cultivar. Cadmium uptake by plants also depends on soil properties, mainly pH, texture and organic matter content [Karczewska 2008] . The presence of cadmium in a plant results in the disturbance of numerous metabolic and physiological processes [Ekmekci et al. 2008 , Rizzardo et al. 2012 . Cadmium also contributes to reducing the uptake and distribution of minerals and water [Di Toppi and Gabbrielli, Gomes et al. 2013] . should have a well-developed root system and exhibit tolerance to high levels of heavy metals. They also need to have a high metal accumulation in the roots and a low metal translocation from roots to shoots [Karczewska et al. 2013 , Korzeniowska et al. 2011 , Stanisławska-Glubiak et al. 2012 .
Grasses are potential plants for phytoremediation [Abaga et al. 2014 , Xia 2004 , Spiak and Gediga 2012 . They are distinguished by a fast growth rate, well-developed root system, large biomass and a long-term growth cycle. In addition, they show a high tolerance to soil contamination with heavy metals [Chen et al. 2004] . Grasses can accumulate large quantities of heavy metals in both roots and shoots [Aibibu et al. 2010 , Xu and Wang 2013 , Zhang et al. 2014 .
The aim of the study was to compare the tolerance of Poa pratensis, Lolium perenne and Festuca rubra to soil contamination with cadmium and investigate the suitability of these three species for phytoremediation.
MATERIALS AND METHODS

Pot experiment
The pot experiment was conducted in the greenhouse of the
Department of Weed Science and Tillage Systems in Wrocław,
Poland. The pots with the 2-kg capacity were filled with soil, the characteristics of which were shown in 
The collection and chemical analysis of samples
The plants were harvested two months after sowing. The aboveground parts of grasses were cut 5 mm above the ground.
The roots were removed from the pots, purified from the soil, first washed with tap water and next rinsed in distilled water for two hours using a rotary mixer. After that, the aboveground parts and roots were dried (24 hours at 50 ° C and 3 h at 100 °C), weighed and finely ground. After harvesting the grasses, soil samples were collected. They were dried at room temperature, ground in a mortar and passed through a sieve with a diameter of 2 mm. 
Calculation of the bioaccumulation and translocation factor
In order to compare the accumulation of metals in plants, bioaccumulation factor (BF) of the aboveground parts and roots was calculated according to the following formulas (Malik et al.
2010):
The transfer of metals from the roots to the aboveground parts was determined based on the translocation factor (TF) expressed by the formula (Malik et al. 2010):
Statistical calculations
For biomass, one-way analysis of variance (ANOVA) was conducted. The evaluation of the significance of the data between the groups of the tested parameters was done using
Tukey's test (P < 0.05). The calculations were performed using 
RESULTS AND DISCUSSION
Cd content in the soil
Cd content in the soil increased steadily under the influence of the applied doses and ranged from 0.5 to1.2 mg·kg -1 in control treatments to 121-128 mg·kg -1 in the treatments with the highest dose ( Table 2) 
The impact of Cd on biomass
The usefulness of plants for phytoremediation is assessed based on not only their tolerance to contamination but also the possibility of obtaining a suitable amount of biomass. Low amount of biomass of the aboveground parts is unfavourable for phytoextraction, whilst that of roots is unfavourable for phytostabilisation. Amongst the three tested grasses, the highest amount of biomass of shoots and roots was recorded for L.
perenne, whilst the lowest for P. pratensis. It concerned both the plants in the control and the plants growing in Cd treatments.
The study showed a significant decrease in the biomass of the roots and shoots of all the tested plants along the increase in Cd in the soil (Table 3 ). Amongst the three tested grasses, the Cd.
In order to compare the reduction of biomass, the average decrease from the three doses was calculated ( fig. 1 ). The analysis of the data in Figure 1 showed that P. pratensis had a slightly higher average decline in the biomass of shoots than the other two grasses. It was about 59%, whilst for F. rubra and L.
perenne, it did not exceed 53%. Higher differences amongst the grasses were recorded in terms of the decrease in root biomass compared to shoot biomass. The largest average decrease in the root biomass was recorded for L. perenne (53%), whilst the least for F. rubra (42%).
The concentration of Cd in roots and shoots
Increasing the dose of the Cd caused its increase in both the roots and shoots of the tested grasses (Table 4 ). In the case of the roots, this increase was almost linear. Xu and Wang [2013] obtained similar results for P. pratensis and Festuca arundinacea.
They observed that the concentration of the Cd in roots ranged
from 951 to 7441, whilst that in shoots from 40.9 to 341 mg·kg -1 .
According to Brooks [1998] , the ability to accumulate more than 100 mg·kg -1 of Cd in shoots is one of the conditions the plant to be considered hyperaccumulators. This criterion was met by P.
pratensis and F. rubra, which accumulated 148-341 and 135-266 mg·kg -1 of Cd under soil contamination at least 60 mg·kg -1 . Cadmium concentration in the roots was higher than that in the shoot by about 10-to 15-fold for P. pratensis, 34-to 54-fold for L. Reverse results were obtained by Xia [2004] for Pennisetum glaucum and P. purpureum and by Zhang et al. [2013] for Siegesbeckia orientalis. A larger concentration of Cd in the shoots than in the roots was also observed by Xu and Wang [2013] for F.
arundinacea under soil contamination of more than 200 mg·kg 1 .
The highest quantities of cadmium were accumulated in the roots of L. perenne. The average Cd concentration in the roots of this grass was by about twofold higher than that in P. pratensis and
F. rubra (fig. 2). The highest accumulation of Cd in the shoots
was recorded for P. pratensis. The average Cd concentration was in this case 1.2-to 1.6-fold higher than that in F. rubra and L.
perenne.
It is noteworthy that L. perenne had the highest average Cd accumulation in the roots and at the same time, the smallest in the shoots amongst all the tested grasses (Fig. 2) . P. pratensis
showed the opposite relation -it accumulated the least of Cd in the roots and the most in the shoots. The obtained data drew attention to the relationship between the Cd concentration in the root and shoots and grasses biomass (Fig. 1, 2) . L. perenne, a grass that contained the most of the cadmium in the roots, had the largest decrease in the root biomass. The largest losses in the shoot biomass were obtained for P. pratensis, which accumulated most of the cadmium in these organs
Factor of bioaccumulation and translocation
BF in all the cases was higher than 1 (Table 5) . BF-root amounted from 25.6 to 80.7, and BF-shoot from 1.2 to 2.7. A high BF-root indicates the accumulation of a significant amount of cadmium in 1 The decrease compared to the control. Values followed by the same letters in the same column for the same species of grass indicate no significant difference according to Tukey's test (P<0.05) Fig. 1 . A relative decrease in grass biomass -the mean of three doses of Cd these organs. Low BF-shoot confirms a higher metal accumulation in the roots compared to the shoots. BF-root was the highest for L. perenne, ranging from 61.5 to 80.7, whilst the lowest for P.
pratensis, from 26.6 to 31.6. It indicates that L. perenne has a higher ability of cadmium uptake from the soil than the other tested grasses (Fig. 2) . It could be observed that increase in Cd doses, which caused the growth of Cd concentration in the roots,
were accompanied by the decrease in BF-root values. (Tables 4   and 5 ). The same relation for other plants was found by Sun et al.
[2003] and Yang et al. [2011] .
TF, showing the plant ability to translocate metals from roots to aboveground parts of plants, was below 1 for all three grasses, ranging from 0.02 to 0.10 (Table 5) 
CONCLUSIONS
The conducted research showed the suitability of the tested grasses for phytostabilisation and excluded usefulness of grasses for phytoextraction. All three tested grass species were characterised by TF of less than 1 (TF < 1) and BF for roots higher than 1 (BF-root > 1), which proves a high accumulation of cadmium in their roots and a low translocation from roots to shoots.
The comparison of the phytostabilisation potential of the tested grasses showed that it was lower for P. pratensis than that for L. 
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